Introduction {#S0001}
============

Parkinson's disease (PD) is a common neurodegenerative disorder characterized by both motor and nonmotor symptoms due to loss of dopaminergic neurons in the substantia nigra pars compacta. PD onset is likely from a complicated interplay between genetics and the environment.[@CIT0001] The prevalence of PD increases with age, rising from 41 cases per 100,000 at age 40--49 years to 1903 per 100,000 over age 80 years.[@CIT0002] As patients reach advanced stages of PD, gait, balance, and cognition are most notably affected and complications from dopaminergic therapy may become the focus of treatment.[@CIT0003],[@CIT0004] The combination of advanced PD, older age, and its associated accumulation of comorbidities are negatively reinforcing, rendering many people homebound. Once homebound and disconnected from routine care, this population is at further risk of deterioration and adverse events.

Sex-related differences have been documented in several domains of PD, including clinical features, response to levodopa, non-motor symptoms, and quality of life, among others.[@CIT0005]--[@CIT0009] Women are more likely to be older and have greater disease severity and more comorbidities than men despite similar PD duration.[@CIT0010] Women are less likely to be treated by a neurologist or receive surgical interventions like deep brain stimulation in the United States, despite evidence demonstrating the benefits of specialized care and interventions.[@CIT0009],[@CIT0011]--[@CIT0013] A recent multicenter international cohort study of patients with PD also showed that women are at higher risk of poor access to caregivers.[@CIT0014] Given these findings of health-related disparities in women with PD in the outpatient setting, we hypothesized that homebound women with PD would be particularly vulnerable to poor care. To understand the interaction between homebound status, sex, and access to care, we conducted an exploratory analysis of baseline characteristics among homebound men and women enrolled in a home visit program (HVP) for individuals with advanced PD and related disorders.

Methods {#S0002}
=======

Participants/setting {#S0002-S2001}
--------------------

We recruited patients with advanced PD and related disorders into the Edmond J. Safra Interdisciplinary Home Visit Program for Advanced Parkinson's Disease (HVP), which consisted of a movement disorders-trained neurologist, nurse, and social worker evaluating the patient at home every 4 months. We included patients if they had a diagnosis of PD or a related disorder provided by a referring movement disorders specialist, met Medicare homebound criteria, and lived within the five boroughs of New York City.[@CIT0015] Additionally, to be included, participants had to have one or more of the following risk factors for hospitalization or institutionalization: motor fluctuations, multi-morbidity, medication mismanagement, depression, anxiety, frequent hospitalizations, suspected elder abuse, caregiver burnout, or increased falls at home. Further details on the structure and processes of the HVP have been described elsewhere.[@CIT0016]

Standard protocol approvals, registrations, and patient consents {#S0002-S2002}
----------------------------------------------------------------

The Institutional Review Board of New York University Langone Health approved this study.

Data collection {#S0002-S2003}
---------------

We conducted a retrospective, exploratory analysis of patients enrolled in the HVP from its inception in February 2014 to July 2016, including data collected via in-person interviews at the time of each initial home visit, and subsequent chart review. We de-identified and maintained all data in an electronic database -- REDCap (Research Electronic Data Capture), a secure, web-based application designed to support data capture for research studies.[@CIT0017] We collected information on demographics, social factors, and clinical utilization. The Unified Parkinson's Disease Rating Scale (UPDRS) and Hoehn & Yahr (H&Y) scores were documented based on examination by a movement disorders specialist during the visit.

Statistical analysis {#S0002-S2004}
--------------------

We exported data to STATA 14 for analysis and used Chi-square and Fischer's exact test to analyze differences between categorical variables. We used two-sample t-tests to analyze differences between continuous variables. Statistical significance was based on a two-tailed alpha of \<0.05. Given the exploratory nature of the analysis, no corrections were made for multiple comparisons.

Results {#S0003}
=======

Demographics {#S0003-S2001}
------------

We enrolled 85 patients in the study. Patients received a median of three visits (range 1--7). Women comprised 52% of patients, as shown in [Table 1](#T0001){ref-type="table"}. At visit 1, the median age of the group was 79.6 (range 43.3--93.9, standard deviation 8.7), with no significant sex-related differences (female 79.4 years, male 77.2 years, *p*=0.25). In terms of self-identified race, 7% each identified as African-American and Asian, respectively, and 15% identified as Hispanic. More women identified as Hispanic compared to men (22.7% vs 7.3%, *p*=0.07). Of the 49 individuals disclosing their educational attainment, 78% had a college degree or higher, with no significant difference between the sexes (*p*=0.99).Table 1Baseline demographics of homebound advanced PD patientsTotalMaleFemale*p*-value**Number of patients, n (%)**85 (100)41 (48)44 (52)**Median age at visit 1, years**79.677.279.40.41**Race, n (%)**0.41 White73 (85.9)33 (80.5)40 (90.0) Black6 (7.1)4 (9.8)2 (4.6) Asian6 (7.1)4 (9.8)2 (4.6)**Hispanic ethnicity, n (%)**13 (15.3)3 (7.3)10 (22.7)0.07**College degree, n (%)**38^a^ (78)19 (79.1)19 (76.0)0.99**Marital status, n (%)**\<0.01 Single11 (12.9)3 (7.3)8 (18.2) Partnered2 (2.4)2 (4.9)0 (0) Married41 (48.2)28 (68.3)13 (29.6) Divorced6 (7.1)3 (7.3)3 (6.8) Widowed25 (29.4)5 (12.2)20 (45.5)**Residence, n (%)**0.87 Independent dwelling77 (90.6)37 (90.2)40 (90.9) Assisted living3 (3.5)1 (2.4)2 (4.6) Nursing home5 (5.9)3 (7.3)2 (4.6)[^1]

Clinical characteristics {#S0003-S2002}
------------------------

PD was the most common diagnosis among all the patients (79%), followed by dementia with Lewy bodies and progressive supranuclear palsy accounting for 5% each, multiple system atrophy2%, and other atypical parkinsonism 9% ([Table 2](#T0002){ref-type="table"}). Men were more likely to have a PD dementia diagnosis than women (17.1% vs 2.3%, *p*=0.02). Among the patients with PD, men had a significantly higher mean total UPDRS score compared to women (85.6 vs 71.2, *p*\<0.01). Baseline mean UPDRS-III (motor) score was 46.8 (SD 14.7). Men had more severe motor scores than women (49.9 vs 43.7, *p*=0.06). There was no significant sex-related difference in the Hoehn & Yahr (H&Y) stage (mean: men 4.1, women 3.9, *p*=0.22).Table 2Baseline clinical characteristics of homebound advanced PD patientsTotalMaleFemale*p*-value**Diagnosis, n (%)**N=85N=41N=440.08 Parkinson's disease59 (69.4)27 (65.9)32 (72.7) Parkinson's disease dementia8 (9.4)7 (17.1)1 (2.3) Dementia with Lewy bodies4 (4.7)2 (4.9)2 (4.5) Multiple system atrophy2 (2.4)1 (2.4)1 (2.3) Progressive supranuclear palsy4 (4.7)0 (0)4 (9.1) Corticobasal syndrome1 (1.2)0 (0)1 (2.3) Other atypical parkinsonism7 (8.2)4 (9.8)3 (6.8)**Disease severity** UPDRS (total)85.671.2\<0.01 UPDRS-III49.943.70.06 Hoehn & Yahr4.13.90.22**Inpatient utilization, n** Hospitalizations^a^0.680.480.23 ED visits^a^0.580.500.6**Outpatient utilization, n** Neurology clinic visits^a^2.462.480.97 Missed clinic visits^a^2.102.230.78 Phone calls^a,b^12.1010.820.53 Email communication^a,b^1.071.520.60[^2][^3]

Regarding access to health care, there were no significant sex-related differences in the number of hospitalizations or emergency department visits in the 12 months prior to the initial home visit (*t*-test, *p*=0.23, *p*=0.68, respectively). Similarly, we found no differences in outpatient utilization, specifically the number of attended outpatient neurology visits (*p*=0.97), missed visits (*p*=0.78), phone calls to the movement disorders specialist (*t*-test, *p*=0.53), or emails to the movement disorders specialist (*p*=0.60).

Social impact {#S0003-S2003}
-------------

We found significant sex-related differences in marital status, with a significantly higher proportion of women being widowed (45.5% vs 12.2%) or single (18.2% vs 7.3%) compared to men (*p*\<0.01 for both) ([Figure 1](#F0001){ref-type="fig"}). Men were 2.3 times more likely to be married (68.3% vs 29.6%). As shown in [Table 3](#T0003){ref-type="table"}, compared to men, women were less likely to have any caregiver present (18.1% of the women were alone vs 2.4% of the men, *p*\<0.01). Comparing caregiver types, 70.7% of men identified a spouse, partner, or significant other serving as a caregiver compared to only 27.3% of women (*p*\<0.01). There was no significant difference among those who identified an adult child (*p*=0.08), other family members (*p*=1.00), or a neighbor/friend (*p*=1.00) as their primary caregivers. Many subjects endorsed having home health aides (HHAs), with 48.2% having a part-time HHA and 21.2% having a full-time HHA, without statistically significant sex-related differences (*p*=0.10, *p*=0.43, respectively). Most visits were conducted in the home of the patient (90.6%) as opposed to an assisted living or skilled nursing facility ([Table 1](#T0001){ref-type="table"}), and there were no sex-related differences in place of residence (*p*=0.87).Table 3Caregiver types and presence at visitsTotalMaleFemale*p*-value**Caregiver type, n (%)** Spouse/partner41 (48.2)29 (70.7)12 (27.3)\<0.01 Adult child20 (23.5)6 (14.6)14 (31.8)0.08 Other family member6 (7.1)3 (7.3)3 (6.8)1.00 Friend3 (3.5)1 (2.4)2 (4.6)1.00 Part-time home health aide41 (48.2)23 (56.1)18 (40.9)0.20 Full-time home health aide18 (21.2)7 (17.1)11 (25)0.43 No caregiver1 (1.18)0 (0)1 (2.27)1.00**Visits without caregiver, n (%)**30 (11)3 (2.4)27 (18.1)\<0.01 Figure 1Partnerships and caregiver trends in homebound advanced PD patients.**Abbreviations:** CG, caregiver; PD, Parkinson's disease.

Discussion {#S0004}
==========

To our knowledge, ours is the first study to specifically explore the sex-related differences beyond disease progression in a homebound PD population. Despite the higher prevalence of PD in men in most studies conducted in outpatient settings, women comprised more than half of this homebound advanced PD group (44 women vs 41 men), and were more likely to be single or widowed, and to lack any caregiver.[@CIT0018]

In the early phase of PD, women exhibit a milder disease phenotype and present at an older age compared to men. This may be possibly due to neuroprotective effects of estrogen.[@CIT0005],[@CIT0019],[@CIT0020] However, once the disease fully manifests, this slight advantage seen in women is no longer apparent.[@CIT0005] The longer life expectancy for women in the general population may explain the shift in distribution to an increasing prevalence of homebound women with advanced PD. As the disease progresses, women may be at increased risk for homebound status and hence, dependence on a caregiver and/or facility placement compared to men.

This study showed that while a spouse or partner is the most likely individual to serve as a caregiver, homebound women were more likely to be single or widowed compared to men. They were also more likely to lack any caregiver. Hariz et al showed a similar finding in a group of PD patients who underwent pallidotomy, thalamotomy, or deep brain stimulation in which women were more likely to be living without a spouse (50% women vs 20% men).[@CIT0021] Dahodwala et al reported that women have fewer informal caregivers and were more likely to use formal caregivers compared to men, despite greater strain reported by caregivers of men with PD.[@CIT0014] Similarly, Fullard et al found that women used HHAs and skilled nursing facilities more than men and also had less outpatient physician contact compared to men.[@CIT0022] This suggests that women with advanced PD who are homebound are an especially vulnerable group due to a relative lack of caregivers/partners, and are therefore at risk of loss to follow up. Once neurologic follow-up is lost, these women may be at increased risk of hospitalizations, nursing facility placement, and poorer quality of life.[@CIT0011],[@CIT0023] A growing body of literature reports that women with PD are more likely to be institutionalized compared to men, possibly due to disparities in caregiver presence and type, or greater psychological distress, and institutionalization is associated with increased mortality.[@CIT0022],[@CIT0024]--[@CIT0028] This further highlights the importance of caregivers in preventing premature institutionalization and excess mortality in women with PD.

Men in this cohort had greater disease severity as evidenced by the higher mean total UPDRS score, and a higher rate of PD dementia. This is comparable to findings in other studies even after adjustment for age and disease duration.[@CIT0021],[@CIT0023],[@CIT0024],[@CIT0029]--[@CIT0031] One explanation is that the equivalently impaired women either have been institutionalized or died rather than remain in the community, due to a lack of caregivers. These impairments also likely facilitate greater use of caregivers in men. Women historically play the role of caregiver, may have better symptom coping skills, and may not seek potentially helpful care. Lubomski et al demonstrated that women with PD are more likely to believe that they did not require support from an appointed caregiver.[@CIT0029] Education on the risks of poor continuity of care and the need to advocate for assistance may be an important intervention.

Identifying patients at risk for homebound status creates an opportunity for clinicians to intervene, tailoring treatment strategies toward transition to said homebound status. The increased risk of homebound status among women and among individuals with severe disease should be discussed with these patients in advance so that they can identify and mobilize friends, family, and community resources for support in the future.

A limitation of this study is that findings are from a convenience sample in New York and are not necessarily generalizable. Some of the observed differences or lack thereof could be attributable to access to the HVP itself. This study also focused primarily on the social impact of PD in the homebound patient and did not capture other measures that may contribute to sex-related differences in this population (eg, levodopa equivalent dose, disease duration, nonmotor symptoms, etc.). Future population-based studies that capture a larger sample of patients outside of an HVP setting will be useful to further evaluate and understand the observed sex differences and improve generalizability. A larger, ongoing adaptation of the HVP outside of New York, with matched controls, will start to answer these questions.

Conclusion {#S0005}
==========

This study highlights the relative lack of caregivers among homebound women with advanced PD and emphasizes the vulnerability of this group of patients to interruptions in continuity of care. With additional understanding of barriers to care, clinicians can further individualize treatment strategies, counseling, and care planning based on these sex-related differences. Health systems opportunities to support individuals with PD are essential to improving care.
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[^1]: **Note:** ^a^Number of 49 patients who reported educational attainment.

[^2]: **Notes:** ^a^In the past 12 months; ^b^with a movement disorders specialist.

[^3]: **Abbreviation:** UPDRS, Unified Parkinson's Disease Rating Scale.
